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Figure 4A Figure 4B 
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SOLENOID VALVE 

RELATED APPLICATIONS 

This application is a continuation of Us. patent applica 
tion Ser. No. 11/419,633 ?led on May 22, 2006, Which claims 
the bene?t of U. S. Provisional Patent Application No. 60/ 682, 
907 ?led on May 20, 2005 and Us. Provisional Patent Appli 
cation No. 60/777,401 ?led on Feb. 28, 2006, all ofWhich are 
hereby incorporated by reference in their entireties. 

GENERAL FIELD 

This disclosure relates generally to a solenoid valve and, 
more particularly, to a solenoid valve installed in a valve 

receiving member (e. g., a manifold) to control the delivery of 
?uid. 

BACKGROUND 

A solenoid valve commonly comprises a solenoid assem 
bly and a ?oW-controlling vessel Which controls ?oW in 
response to energiZation of the solenoid assembly. The ?oW 
controlling vessel can include a sleeve and a seal-carrying 
plunger that moves betWeen a closed position and an opened 
position Within the sleeve. For example, When the solenoid 
assembly is energiZed, the plunger can be motivated to move 
from a closed position to an opened position and, When the 
solenoid assembly is de-energiZed, the plunger can be 
mechanically biased to return to the closed position. 
A solenoid valve is often used With a valve-receiving mem 

ber, such as a manifold, to selectively deliver ?uid to a par 
ticular piece of equipment. A receiving member can include 
one or more supply lines, one or more interfacing cavities, 
and one or more delivery lines. The interfacing cavities can 
each includes a passage communicating With the supply line 
(s) and a passage communicating With the delivery line(s). 
The valve, When in an open condition, forms a ?oW path from 
the supply line(s) to the respective delivery line(s) so that ?uid 
can be provided to the corresponding equipment. 

The sleeve of the valve has an installation portion Which 
mates With a valve-installation portion of the interfacing cav 
ity to create a ?uid-tight connection therebetWeen. Typically, 
for example, the sleeve has external threads and the interfac 
ing cavity has corresponding internal threads Whereby the 
valve may be screWed into the receiving member. In any 
event, When the valve is installed in the receiving member, a 
?oW path is formed betWeen the supply line and the respective 
delivery line, and an ori?ce forms part of this ?oW path. When 
the plunger is in the closed position, it seals the ori?ce and no 
?uid is delivered to the equipment. When the plunger is in the 
opened position, it does not seal the ori?ce and ?uid is deliv 
ered to the equipment via the delivery line. Thus, by selec 
tively energiZing and/or de-energiZing the solenoid assembly, 
the ?oW of ?uid to the equipment can be controlled. 

The ori?ce, and the seal-seating area surrounding the ori 
?ce, are often very important to the proper operation of a 
valve. In many instances, the dimensions of the ori?ce and 
seating area must be very precise, and Within very tight tol 
erances, to insure the necessary accuracy of ?oW rate and/or 
other parameters. Particularly, for example, the diameter of 
the ori?ce and the curvature of the surrounding edge, are often 
critical to obtaining correct ?oW characteristics. Thus, these 
elements must be machined or otherWise made under extreme 
accuracy. Moreover, as the durability of the ori?ce and seat 
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2 
ing area essentially dictates the life of the valve, these ele 
ments must be able to maintain this accuracy. 

SUMMARY 

The ?oW-controlling vessel of a solenoid valve comprises 
a sleeve having an installation portion for connection to a 
receiving member (e.g., a manifold), a plunger movable 
Within the sleeve betWeen a closed position and an opened 
position, and an ori?ce insert ?xedly attached to the sleeve. 
The sleeve and/or the ori?ce insert de?ne a ?uid chamber, an 
inlet into the ?uid chamber, an outlet from the ?uid chamber, 
a ?oW path from the inlet through the ?oW chamber to the 
outlet. The ori?ce insert includes an ori?ce and a seating area 
surrounding the ori?ce. The ori?ce is sealed When the plunger 
is in the closed position and unsealed When the plunger is in 
the opened position. 

In contrast to the Widely accepted practice of the ori?ce 
being part of the receiving member, With the insert the ori?ce 
is part of the valve package. As such, the manufacturer of the 
receiving member need not concern itself With precise dimen 
sions and/or very tight tolerances When fabricating the pas 
sages in the interfacing cavity. With a multi-cavity design, 
Which is very common, this eliminates the situation Where an 
entire block has to be scrapped because even just one ori?ce 
has not been machined to speci?cations. 

With the ori?ce insert, the construction of the ?oW-direct 
ing vessel can include the incorporation of the ori?ce. This 
alloWs the valve manufacturer to calibrate ?oW characteristics 
at the factory and con?rm that the valve Will indeed meet 
particular parameters. When the ori?ce is instead part of the 
receding member, the valve manufacturer is at the mercy of 
the manufacturer of the receiving member as to Whether strict 
?oW speci?cations Will be satis?ed upon installation of the 
valve in the receiving member. 

The ori?ce insert also alloWs the critical ori?ce-carrying 
component of the vessel, and only this component, to be made 
of a long-life material, such as stainless steel. The other vessel 
components can be made of more economic materials With 
out compromising the life of the valve. For the same reason, 
the receiving member can be machined from a cheaper block 
material and this, in combination With the loosening of toler 
ances, can have a signi?cant impact on manufacturing costs. 
The ori?ce insert additionally makes a modular-like manu 

facturing process possible, as inserts With different ori?ce 
siZes can be compatible With the same vessel design. Thus a 
family of valves, With varying ?oW characteristics, can be 
made by using the same vessel design With different ori?ce 
inserts. For this same reason, after-construction adjustments 
can be more easily accommodated if, for example, ?eld use a 
valve reveals that the speci?ed ?oW parameters (although met 
by the valve) are not optimum due to equipment derivations 
and/or deviations. 
The ori?ce insert further alloWs the ?oW-controlling vessel 

to be constructed With only one threaded portion, namely an 
externally threaded member-installation portion Which mates 
With corresponding internal threads in the interfacing cavity. 
The threaded connection of a separate ori?ce-carrying piece 
(Which requires tWo additional threaded portions) is not nec 
essary. This can represent a signi?cant savings to the valve 
manufacturer because, as a general rule, less threads trans 
lates into loWer tooling costs. Also, unlike a separate ori?ce 
carrying piece, the insert does undesirably increase the pack 
age siZe (e.g., height) of the valve. 

These and other features are fully described and particu 
larly pointed out in the claims. The folloWing description and 
annexed draWings set forth in detail a certain illustrative 
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embodiment that is indicative of but one of the various Ways 
in Which the principles may be employed. 

DRAWINGS 

FIG. 1 is a perspective vieW of the valve installed in a 
multi-cavity receiving member. 

FIG. 2A is a top vieW of a valve-interfacing cavity of the 
receiving member. 

FIG. 2B is a cross-sectional vieW of the valve-interfacing 
cavity. 

FIG. 3 is an exploded vieW of the valve. 
FIG. 4 is a cross-sectional vieW of the ?oW-directing vessel 

of the valve, this vessel including a sleeve, a plunger assem 
bly, an inlet cup, and a ?oW-controlling capsule. 

FIG. 4A illustrates an embodiment of the solenoid valve in 
Which the retention member is integral With the sleeve. 

FIG. 4B illustrates an embodiment of solenoid valve in 
Which the retention member is integral With the capsule. 

FIG. 5 is a cross-sectional vieW of the sleeve. 
FIG. 6A is an exploded vieW of the plunger assembly. 
FIG. 6B is a cross-sectional vieW of the plunger assembly. 
FIG. 7A is a bottom vieW of the inlet cup. 
FIG. 7B is a sectional vieW of the inlet cup. 
FIG. 8A is a perspective vieW of the ?oW-controlling cap 

sule. 
FIG. 8B is a front vieW of the ?oW-controlling capsule. 
FIG. 8C is a cross-sectional vieW of the ?oW-controlling 

capsule. 

DETAILED DESCRIPTION 

Referring noW to the draWings in detail, and initially to 
FIG. 1, a solenoid valve 10 is shoWn installed on a receiving 
member 12. The receiving member 12 comprises a block 14, 
at least one ?uid supply line 16, at least one valve-interfacing 
cavity 18, and at least one ?uid delivery line 20. In the illus 
trated embodiment, the member 12 has four interfacing cavi 
ties 18, With a common supply line 16 and a delivery line 20 
for each cavity 18. HoWever, a receiving member 12 Wherein 
each interfacing cavity 18 has its oWn supply line(s) and/or 
Wherein a plurality of the cavities 18 have a common delivery 
line 20 or multiple delivery lines, is certainly possible and 
contemplated. In operation, a source of the ?uid is connected 
to the supply line(s) 16 and the delivery line(s) 20 are con 
nected to the relevant equipment. The valve 10, When in an 
open condition, forms a ?oW path from the supply line(s) 16 
to the respective delivery line 20(s) so that the ?uid can be 
provided to the equipment. The valve 10, When in a closed 
condition, obstructs this ?oW path so that ?uid is not supplied 
to the equipment. 

Referring noW to FIGS. 2A and 2B, the interfacing cavity 
18 of the receiving member 12 is shoWn in more detail. The 
illustrated interfacing cavity 18 generally comprises an upper 
cylindrical portion, Which is de?ned by a sealing surface 22, 
a threaded cylindrical Wall 24, and a bottom annular Wall 26, 
and a loWer cylindrical portion, Which is de?ned by a lead-in 
chamfer 28, a sealing surface 30, and a bottom circular Wall 
32. The interfacing cavity 18 includes supply passages 34 
communicating With the supply line 16 and a delivery pas sage 
36 communicating With the respective delivery line 20. The 
supply passages 34 are located on the upper bottom Wall 26 
and the delivery passage 36 is located on the loWer bottom 
Wall 32. Both the passage 34 and the passage 36 are posi 
tioned beloW (or deeper than) the threaded cylindrical Wall 24 
in the interfacing cavity 18. 
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4 
Referring noW to FIG. 3, the components of the valve 10 

are shoWn. The valve 10 generally comprises a solenoid 
assembly 40 and a ?oW-directing vessel 42. The ?oW-direct 
ing vessel 42 comprises a sleeve 44, a plunger 46, an inlet cup 
48, and a ?oW-controlling capsule 50. The illustrated valve 10 
additionally includes a fastener 52 for attaching the solenoid 
assembly to the ?oW-directing vessel 42, and seals 54 and 56 
for connecting the vessel 42 to the receiving member 12 in a 
?uid-tight manner. The vessel 42 (and/ or the plunger 46) can 
include a spring 58 for mechanically biasing the plunger 46 to 
a particular position. 

Referring noW to FIG. 4, the ?oW-directing vessel 42, is 
shoWn in an assembled condition and isolated from the rest of 
the valve 10. The plunger 46 and the spring 58 are situated 
Within the sleeve 44 and the plunger 46 is movable betWeen a 
closed position and an opened position. The inlet cup 48 and 
the ?oW-controlling capsule 50 are attached to the open end of 
the sleeve 44. More speci?cally, the inlet cup 48 and the 
?oW-controlling capsule 50, Which may be collectively 
referred to as an ori?ce insert, are press-?t into the sleeve 44. 
No threaded connections are necessary betWeen the cup 48 
and the sleeve 44 and/ or betWeen the cup 48 and the capsule 
50. 
The sleeve 44, the cup 48, and/or the capsule 50 de?ne an 

inlet 60, a ?uid chamber 62, an outlet 64, and a ?oW path from 
the inlet 60 through the ?oW chamber 62 to the outlet 64. 
When the valve 10 is installed on the receiving member 12, 
the inlet 60 and the outlet 64 communicate, respectively, With 
the supply passages 34 and the delivery passage 36 of the 
interfacing cavity 18, thereby de?ning a ?oW path from the 
supply passages 34 to the delivery passage 36. 
When the solenoid assembly 40 is not energized, the 

plunger 46 is biased by the spring 58 to its closed position, 
thereby sealing the outlet 64 and preventing the ?oW of ?uid 
therethrough to the delivery passage 36 of the interfacing 
cavity 18. Thus, ?uid is not supplied to the connected equip 
ment. When the solenoid assembly 40 is energiZed, the mag 
netic force overcomes the biasing force of the spring 58 and 
the plunger 46 is moved to its openedposition. The movement 
of the plunger 46 results in the outlet 64 no longer being 
obstructed, Whereby ?uid can ?oW therethrough to the deliv 
ery passage 36 and then to the delivery line 20 for conveyance 
to the equipment. 
The sleeve 44, shoWn in FIG. 5, generally comprises a tube 

70, a stop cylinder 72 closing the upper end of the tube 70, and 
a ?ange 74 surrounding the loWer end of the tube 70. The stop 
72 has bore With an upper internally threaded region 76 for 
receipt of the solenoid-to-vessel fastener 52. A loWer region 
77 of the bore has a hexagonal cross-sectional shape for 
receipt of a hex Wrench. It may be convenient for the fastener 
52 to have a Wrench-receiving recess on its head, of the same 
dimensions as the region 77, so that the same Wrench can be 
used both to install the vessel 42 and assemble the solenoid 
assembly 40. The loWer axial surface 78 of the stop 72 (lo 
cated Within the tube 70) serves as a stop for the plunger 46 
and/or as a brace for the spring 58. 
The outer pro?le of the ?ange 74 comprises a rim 80, a 

groove 82 for receipt of the seal 54, an externally threaded 
boss 84, and a pedestal 86. When the valve 10 is installed in 
the receiving member 12, the boss 84 screWs into the threaded 
Wall 24 of interfacing cavity 18. This may be accomplished by 
insertion of a Wrench into the hexagonal region 77 of the bore 
in the stop 72 and turning in the appropriate direction. It may 
be noted that this internal Wrench surface eliminates the need 
for an external Wrench surface on the sleeve 44, thereby 
simplifying fabrication and/or reducing package height. In 
any event, When the threads are fully mated, the rim 80 rests 
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against the surface of the block 14 surrounding interfacing 
cavity 18, the seal 54 is situated Within the sealing surface 22 
of the interfacing cavity 18 and the pedestal 86 abuts against 
the cavity’s annular Wall 26. The seal 54 prevents ?uid from 
leaking to the outside environment through the member 
sleeve interface. 
The inner pro?le of the ?ange 74 comprises a smooth 

cylindrical Wall 88 and a radially outWard ?ared skirt 90. The 
Wall 88 extends doWnWard from the loWer edge of the tube 70 
and de?nes a diameter slightly greater than the tube diameter. 
This interior geometry accommodates a press-?t attachment 
of the inlet cup 48 to the sleeve 44. As Was alluded to above, 
no threads are necessary on the ?ange 74 and/ or the cup 48 to 
accomplish the sleeve-to-cup attachment. 

The plunger 46, shoWn in FIGS. 6A and 6B, comprises a 
plunger body 92 and a seal 94. The seal 94 is associated With 
the plunger body 92 in such a Way that movement of the body 
92 translates into movement of the seal 94. The seal 94 can be 
integrally formed, attached to, connected With, or otherWise 
incorporated into the structure of the plunger body 92. Alter 
natively, the seal 94 can be a separate piece Which is pushed, 
pulled, or otherWise manipulated by movement the plunger 
body 92. In either or any event, in the plunger-closed position, 
the seal 94 seats against an ori?ce of the capsule 50 (namely 
ori?ce 132 introduced beloW) Which forms the outlet 64 from 
the ?uid chamber 62. In the plunger-opened position, the seal 
94 is distanced from this ori?ce so as to alloW the ?oW of ?uid 
through the outlet 64. 

The illustrated plunger body 92 comprises a bore 96 at its 
upper axial end, a cavity 98 at its loWer axial end, and a 
channel 100 connecting the bore 96 to the cavity 98. The 
upper axial end of the body 92 abuts against the stop 78 of the 
stop 72 When the plunger 46 is in its opened position, thereby 
limiting its stroke Within the sleeve 44. In the assembled valve 
10 and/or vessel 42, the spring 58 is inserted into the bore 96 
and is thereby con?ned betWeen the bottom Wall of the bore 
96 and the stop surface 78 of the cylinder 72. 

In the illustrated embodiment, the seal 94 is carried by a 
platform 102 Which ?oats Within the cavity 98 of the plunger 
body 92 and is maintained therein by a retainer 104. This 
?oating arrangement, in combination With the pressure 
equaliZation provided by the channel 100, can provide 
momentum and/ or enhance the opening forces. HoWever, 
such ?oating and/or pressure-equalization is not necessary 
and/or may not be desired in certain situations, and in any 
event, is not crucial to the construction or operation of the 
ori?ce insert (e.g., the cup 48 and the capsule 50). 

The inlet cup 48, shoWn in FIGS. 7A and 7B, comprises an 
inner cylindrical Wall 110, an outer cylindrical Wall 112, and 
a connecting Wall 114 extending radially therebetWeen. The 
Walls 110, 112, and 114 form an annular chamber 116 and 
openings 118 in the connecting Wall 114 communicate With 
this chamber 116. In the assembled valve 10 and/or vessel 42, 
the chamber 116 communicates, via the openings 118, With 
the holding chamber 62. When the valve 10 is installed on the 
receiving member 12, the chamber 116 communicates, via 
the supply passages 34 in the interfacing cavity 18, With the 
supply line 16. 
The ?oW-controlling capsule 50, shoWn in FIGS. 8A-8C, 

comprises a body 128 having an outlet passage 130 extending 
axially betWeen an entrance, speci?cally an ori?ce, 132 and 
an exit 134. It may be noted that the exit 134 is positioned 
beloW the installation portion (i.e., the boss 84) of the sleeve 
44. In the assembled valve 10 and/or vessel 42, the outlet 
passage 130 communicates, via the ori?ce 132, With the hold 
ing chamber 62, When the plunger 46 is its opened position. 
When the valve 10 and/ or vessel 42 is installed onto the 
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6 
receiving member 12, the capsule passage 130 communicates 
With the respective delivery line 20, via the exit 134 and the 
passage 36 in the interfacing cavity 18. 
The area 136 around the ori?ce 132 de?nes a seat for the 

plunger seal 94. In many instances, the dimensions of the 
ori?ce 132 and/or the seating area 136 must be very precise, 
and Within very tight tolerances, to insure the necessary accu 
racy of ?oW rate and/ or other ?oW parameters, and this pre 
ciseness must be maintained throughout the life of the valve/ 
vessel. Particularly, for example, the diameter of the ori?ce 
136 and the curvature of the surrounding edge are often 
critical to obtaining correct ?oW characteristics. For these 
reason, the ori?ce-carrying component can be made of a 
durable corrosion-resisting material, such as stainless steel to 
insure and/or prolong the life of the valve 10. 
The illustrated capsule 50 comprises a podium 140, a cup/ 

member engaging portion 142 beloW the podium 140, and a 
pedestal 144 beloW the portion 142. A groove 146 is situated 
betWeen the portion 142 and the pedestal 144 for receipt of the 
seal 56. The outlet passage 130 can comprise a top section 
extending through the podium 140 and ?aring into a Wider 
bottom section Which extends through the cup/member 
engaging portion 142 and the pedestal 144. 
The ori?ce 132 is located on the upper axial end of the 

podium 140 and the exit 134 is located on the loWer axial end 
of the pedestal 144. In the assembled valve 10 and/or vessel 
42, the seating podium 140 is positioned just Within the tube 
70 and Within the holding chamber 62. An upper region of the 
engaging portion 142 is surrounded by the inner cylindrical 
Wall 112 of the inlet cup 48. When the valve 10 and/or vessel 
42 is installed on the receiving member 12, a loWer region of 
the engaging portion 142 is surrounded by the loWer cylin 
drical Wall 32 of the interfacing cavity 18. The bottom axial 
end of the pedestal 144 is abutted against the bottom Wall 32 
of the interfacing cavity 18 and the exit 134 is aligned With the 
delivery passage 36. The seal 56, situated Within the groove 
146, prevents ?uid from leaking betWeen the member-pedes 
tal interface and into the annular chamber 116 of the inlet cup 
48. 
The relative positioning betWeen the receiving member 12 

and the vessel 42, advantageously effects package siZe. Par 
ticularly, for example, the exit 134 is positioned beloW the 
threaded boss 84. This alloWs the valve 10 and/or the vessel 
42 to maintain the same (or almost the same) package height 
as When the ori?ce is part of the receiving member 12. 

To assemble the ?oW-controlling vessel 42, the capsule 50 
can be press-?t into the inlet cup 48 and then these tWo 
components 48/50 can be press-?t into the inner surface 88 of 
the sleeve ?ange 74. The inlet cup 48 can be otherWise 
attached to the sleeve 44 and/ or the capsule 50 can be other 
Wise attached to the cup 48. Additionally or alternatively, the 
inlet cup 48 can be formed in one piece With the sleeve ?ange 
74 (FIG. 4A) in Which case the ori?ce insert Would comprise 
only the capsule 50. The inlet cup 48 can be formed in one 
piece With the capsule 50 (FIG. 4B), keeping in mind that this 
might result in the inlet cup 48 being unnecessarily made of 
an expensive long-life material. In any event, other attach 
ment methods are certainly possible and contemplated, With 
non-threaded attachments being preferred in the interest of 
reducing tooling costs. 

It may be noted that the relevant geometry for the incorpo 
ration of the ori?ce insert 48/50 is dependent upon the exter 
nal dimensions of the outer Wall 112 of the inlet cup 48 and the 
cup-engaging portion 142 of the capsule 50. A Wide range of 
passage, ori?ce, and/ or outlet dimensions can be provided 
Within the capsule body 128 Without changing these external 
dimensions. This alloWs different ori?ce inserts, or even just 
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different capsules, to be used With the same vessel design to 
allow modular manufacturing and/or ?eld ?oW adjustments. 

In the illustrated embodiment, the ori?ce 132 formed the 
outlet 64 from the ?uid chamber 62, and the opposite end of 
the passage 130 formed the exit 134 of the passage 130. 
Additionally, the openings 118 in the cup 48 formed the inlet 
60 into the ?uid chamber 62. Also in the illustrated embodi 
ment, the valve 10 has a normally-closed design, With the 
plunger 46 being biased to its closed position, and moving to 
the opened position upon energiZation of the solenoid assem 
bly 40. 

HoWever, in certain applications, the ori?ce 132 could 
form the inlet to the ?uid chamber 62, the opposite end of the 
passage 130 could form its entrance, and the opening 118 in 
the cup 48 could form the outlet from the ?uid chamber 62. In 
the latter case, the passage 36 in the valve-interfacing cavity 
18 Would communicate With one or more supply lines, and the 
passage 36 Would communicate With one or more delivery 
lines. Additionally or alternatively, the plunger 46 could be 
biased to an opened position (e. g., the valve 10 could have a 
normally-open design), With the energiZation of the solenoid 
assembly 40 moving it to the closed position. 

Although this disclosure has shoWn and described a certain 
embodiment or embodiments, it is obvious that equivalent 
alterations and modi?cations Will occur to others skilled in 
the art upon the reading and understanding of this speci?ca 
tion and the annexed draWings. In regard to the various func 
tions performed by the above described elements (e.g., com 
ponents, assemblies, systems, devices, compositions, etc.), 
the terms (including a reference to a “means”) used to 
describe such elements are intended to correspond, unless 
otherWise indicated, to any element Which performs the 
speci?ed function of the described element (i.e., that is func 
tionally equivalent), even though not structurally equivalent 
to the disclosed structure Which performs the function. In 
addition, While a particular feature may have been described 
above With respect to only one or more of several illustrated 
embodiments, such feature may be combined With one or 
more other features of the other embodiments, as may be 
desired and advantageous for any given or particular applica 
tion. Furthermore, directional modi?ers (e.g., upper, top, 
loWer, bottom, above, beloW, left-hand, right-hand, etc.) are 
used only for ease in explanation in connection With the 
illustrated orientation and do not, unless otherWise indicated, 
limit the elements to any speci?c orientation. 

The invention claimed is: 
1. A ?oW-directing vessel for installation into a receiving 

member having an interfacing cavity With a cylindrical Wall, 
a ?rst passage, and a second passage, the vessel comprising: 

a sleeve, a plunger movable relative to the sleeve, and a 
capsule; 

the sleeve having a tubular inner surface and a mating 
portion for mating With the cylindrical Wall of the inter 
facing cavity; 

the capsule having an ori?ce, a capsule opening for com 
municating With the second passage in the receiving 
member When the vessel is installed in the receiving 
member, and an outer Wall surrounding a passageWay 
extending through the capsule betWeen the capsule 
opening and the ori?ce; 

a retention device extending radially from the outer Wall of 
the capsule, Which retention device is held in the sleeve 
at its radially outer periphery With a press ?t and has at 
least one through passage ?uidly connecting ?rst and 
second chambers on opposite sides of the retention 
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8 
device, the ?rst chamber providing for communication 
With the ?rst passage When the vessel is installed in the 
receiving member; and 

the plunger being movable relative to the sleeve and the 
ori?ce to open and close the ori?ce to control ?uid ?oW 
betWeen the second chamber and the capsule opening. 

2. The ?oW-directing vessel of claim 1, Wherein the ?rst 
chamber opens toWards a bottom end of the vessel. 

3. The ?oW-directing vessel of claim 2, Wherein the reten 
tion device has a radially extending portion terminating at a 
doWnWardly extending portion. 

4. The ?oW-directing vessel of claim 3, Wherein the at least 
one through passage is in the radially extending portion of the 
retention device. 

5. The ?oW-directing vessel of claim 3, Wherein the reten 
tion device includes a round shoulder betWeen the radially 
extending portion and the doWnWardly extending portion. 

6. The ?oW-directing vessel of claim 1, Wherein the 
plunger is movable to control ?uid ?oW in a ?oW path through 
the vessel, Which ?oW path includes the ?rst chamber, the at 
least one through passage, the second chamber, the ori?ce, 
and the passageWay in the capsule. 

7. The ?oW-directing vessel of claim 1 in combination With 
the receiving member, Wherein the ?rst chamber is in com 
munication With the ?rst passage and the capsule opening is in 
communication With the second passage. 

8. The combination of claim 7, Wherein the cylindrical Wall 
of the receiving member includes a threaded portion that is 
engaged to a corresponding threaded portion of the mating 
portion of the sleeve. 

9. The combination of claim 8, further comprising a seal 
betWeen the capsule and the receiving member. 

10. A valve comprising the ?oW-directing vessel of claim 1 
and a solenoid assembly for controlling movement of the 
plunger. 

11. The valve of claim 10, Wherein the plunger is biased to 
a closed position and, When the solenoid valve is energiZed, 
the plunger is moved to an open position unsealing the ori?ce. 

12. The ?oW-directing vessel of claim 1, Wherein the cap 
sule and the retention device are formed in one piece. 

13. The ?oW-directing vessel of claim 1, Wherein the reten 
tion device and the capsule are formed as separate pieces. 

14. A ?oW-directing vessel for installation into a receiving 
member having an interfacing cavity With a cylindrical Wall, 
a ?rst passage, and a second passage, the vessel comprising: 

a sleeve, a plunger movable relative to the sleeve, and a 
capsule; 

the sleeve having a tubular inner surface and a mating 
portion for mating With the cylindrical Wall of the inter 
facing cavity; 

the capsule having an ori?ce, a capsule opening for com 
municating With the second passage in the receiving 
member When the vessel is installed in the receiving 
member, and an outer Wall surrounding a passageWay 
extending through the capsule betWeen the capsule 
opening and the ori?ce; 

a retention device extending radially from the inner surface 
of the sleeve, Which retention device is held around the 
capsule at its radially inner periphery With a press ?t and 
has at least one through passage ?uidly connecting ?rst 
and second chambers on opposite sides of the retention 
device, the ?rst chamber providing for communication 
With the ?rst passage When the vessel is installed in the 
receiving member; and 

the plunger being movable relative to the sleeve and the 
ori?ce to open and close the ori?ce to control ?uid ?oW 
betWeen the second chamber and the capsule opening. 
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15. The ?oW-directing vessel of claim 14, wherein the 
retention device and the sleeve are formed in one piece. 

16. The ?oW-directing vessel of claim 14, Wherein the 
retention device and the sleeve are formed as separate pieces. 

17. A method of assembling a ?oW-directing vessel that is 
installable in a receiving member having an interfacing cavity 
With a cylindrical Wall, a ?rst passage, and a second passage, 
the method comprising: 

obtaining a sleeve having a tubular inner surface and a 
mating portion for mating With the cylindrical Wall of the 
interfacing cavity; 

obtaining a capsule having an ori?ce, a capsule opening for 
communicating With the second passage in the receiving 
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member When the vessel is installed in the receiving 
member, and a tubular outer Wall surrounding a passage 
Way extending through the capsule betWeen the capsule 
opening and the ori?ce; 

securing the capsule in the sleeve by means of a press ?t 
interaction betWeen the capsule or the sleeve and a 
peripheral edge of a retention device that extends radi 
ally With respect to the tubular outer Wall of the capsule. 

18. The method of claim 17, further comprising selecting a 
capsule from different interchangeable capsules to achieve 
?oW ?eld characteristics. 


